We examine whether the growth of the internet has reduced the effectiveness of government regulation of advertising. Specifically, we combine variation in state and local regulation of offline alcohol advertising with data from field tests that randomized exposure to online advertising for 275 different online advertising campaigns to 61,580 individuals. People are 8 percent less likely to say that they will purchase an alcoholic beverage in states that have alcohol advertising bans compared to states that do not. For consumers exposed to online advertising, this gap narrows to 3 percent. We also show similar effects for four changes in local offline alcohol advertising restrictions where we observe advertising effectiveness both before and after the change. Our results suggest that online advertising could reduce the effectiveness of attempts to regulate other advertising channels because online advertising substitutes for (rather than complements) offline advertising. Our results also suggest an informative role for online advertising in places with bans: The effect of online advertising is disproportionately high for new products and for products with low awareness in places that have bans.
Introduction
Advertising regulation is widespread. There are full or partial bans on marketing communications in many industries, including alcohol, pharmaceuticals, video games, gambling, tobacco, and legal services. The existence and severity of these restrictions varies by country, by state, and by city. Such regulations often date from a time when local restrictions on advertising could be expected to have a binding effect on the types of advertising that the local population encountered. Today, widespread use of the internet means that a firm's potential customers may encounter advertising content online that their local government has tried to restrict. This paper examines how the effectiveness of online ad campaigns for alcoholic beverages changes when there are restrictions on offline advertising. By examining differences in advertising offline exposure that are not due to firm-level advertising decisions, we are also able to shed light on whether online advertising substitutes for or complements offline ads.
To measure the effectiveness of the online ad campaigns, we use data from a large-scale set of field experiments that randomized exposure to online display advertisements of alcoholic beverages. These field experiments asked 61,580 US web users about purchase intent for alcoholic products, covering 275 campaigns for different products on different websites from 2001 to 2008. For each of these campaigns, a mean of 223 people completed the survey, of whom roughly half were randomly exposed to an ad for an alcoholic beverage, and the others were exposed to an alternative placebo advertisement.
We contrast how randomized exposure to online advertising affects purchase intent in locations that place restrictions on out-of-home advertising with locations that do not. We do this in two ways. First, we compare the 17 states that regulate out-of-home advertising such as billboards, storefront signage, and transit ads with the 33 states that do not regulate such advertising for alcohol. Table 1 provides descriptive statistics that foreshadow our core findings. Among those who did not see the online ad campaign, the percentage of respondents 'very likely' or 'likely' to purchase is 2.04 percentage points lower, or relatively 8% lower in states with ad bans than in states with no ad ban. The relative difference in purchase intent between states with an ad ban and states without an ad ban narrows to 3% after advertising exposure. Given that ad exposure was randomized, this suggests that online advertising reduces the effectiveness of offline advertising bans. In the body of the paper, we conduct a wide battery of tests to show that the pattern in Table 1 holds with thorough econometric analysis. We check that there were no systematic differences in the kind of ads that people saw and the people who saw the ads across states with and without offline ad bans. We show that the results are robust when allowing the effect of exposure to advertising to vary with a variety of state characteristics such as alcohol consumption, alcohol abuse, and alternative state regulations that restrict the sale, consumption and marketing of alcohol. We also show that there is no similar effect for other CPG categories. The analysis of state-level regulations provides a large-sample understanding of differences between places with regulation and places without them. However, there still may be systematic differences in how people in states with ad bans respond to alcohol advertising that are not related directly to the ban. Therefore, as a second empirical approach, we examine changes in four local regulations that provide a natural experiment on advertising regulation because they were either enacted or rescinded during the period for which we have data. The changes in local regulations complement the state-level results by relying on the weaker identification assumption that the changes in the effectiveness of online alcohol ads within a given location are due to changes in offline advertising rather than location-specific changes over time in online alcohol advertising responsiveness. This assumption is particularly plausible because one Pennsylvania regulatory change increased offline advertising regulation and the other decreased regulation, but both show that more regulation of offline advertising translates to more effective online advertising. Our estimates of the effect of offline advertising bans are reasonably similar, despite the much smaller sample sizes and specificity of local regulatory changes.
Crucially for firms, we also show that the disproportionate effect of online advertising in places with advertising bans is related to levels of product awareness. Online advertising for products that have low levels of awareness is particularly effective in places with out-of-home advertising bans. By contrast, for products that have high levels of awareness, there is little difference in online advertising effectiveness between places with and without bans. This suggests that online display advertising plays an informative role for people in places with out-of-home advertising bans. It also provides some support for the results being driven by diminishing marginal effectiveness of advertising goodwill, since high-awareness products are already at the point of steep diminishing returns (Nerlove and Arrow, 1962; Hitsch, 2006) .
Also important for firms is the implication of our research that internet advertising substitutes for offline advertising. Indeed, our results provide evidence on an unusual but useful natural experiment which allows us to identify how offline advertising relative to online ad-vertising affects purchase intent. This is valuable because usually it is hard to separate out the effects of offline and online advertising campaigns, given that online and offline campaigns are launched at the same time. As emphasized by Silk et al. (2001) , "[the internet] looms as a potential substitute or complement for all of the major categories of existing media and appears capable of serving a wide range of communications objectives for a broad array of advertisers." This matters because it is not clear whether the unique capacity of the internet to target and interact with users means that it extends and enhances existing external advertising campaigns or acts as a substitute for them.
Our finding that online display advertising is a substitute for offline display (primarily billboard) advertising contributes to a growing literature in marketing that explores the relationship between offline and online environments for customer acquisition (Bell and Choi, 2009 ), brands (Danaher et al., 2003) , word of mouth (Bell and Song, 2007; Forman et al., 2008) , purchases (Forman et al., 2009; Brynjolfsson et al., 2009) , customized promotions (Zhang and Wedel, 2009) , ad pricing (Goldfarb and Tucker, 2009) , search behavior (Lambert and Pregibon, 2008) and price sensitivity (Chu et al., 2008) . We believe ours is the first study to empirically investigate consumer substitution between online and offline advertising.
Our results more generally provide an expanded framework in which to understand the effectiveness of online advertising. Most of this literature, including Manchanda et al. (2006) and Chatterjee et al. (2003) , has focused on measuring the effect of ad exposure and clicks.
We contribute to this literature by emphasizing that the effectiveness of online advertising cannot be considered independently from the availability and feasibility of offline media.
Previous research has discussed the difficulties of tailoring local regulations to the internet era in the areas of gambling (Clarke and Dempsey, 2001) , tobacco (Cohen et al., 2001) , and prescription drugs (Fox and Ward, 2005) . However, there has been little systematic empirical work on the internet's influence on the effectiveness of existing local regulation outside of tax policy (Ellison and Ellison, 2009; Goolsbee, 2000; Goolsbee et al., 2010) .
This dearth of empirical research extends to marketing regulations. Our results suggest that advertising restrictions are less effective when locals are able to access the internet.
Prior research has used aggregate non-experimental data to show that partial advertising bans have negligible effects on total alcohol consumption -arguing that substitution by advertisers between advertising channels plays a role (Nelson, 2003; Young, 1993) . 1 Frank (2008) also suggested there may be substitution by advertisers between print, television, and radio advertising channels. Our research provides evidence of a related mechanism that renders ad bans less effective -when one channel is blocked, the alternative channels become more effective. In the case of an out-of-home advertising ban, there may be little effect on overall customer consumption, because the ban makes advertising in the non-regulated media outlets more effective. With the advent of the internet, websites whose servers lie outside the ban's jurisdictional boundary provide a persistent alternative advertising outlet, and it therefore seems likely this mechanism for rendering partial advertising bans ineffective will persist.
Our findings suggest that the internet reduces the ability of local authorities to restrict the effect that advertising has on the local population. While the type of substitution that we document between different types of media has been possible previously, never before has there been a media channel that is so pervasive and that has such an ability to reach a local population when outside its political borders. Castells (2001) wrote, "the Internet decisively undermined national sovereignty and state control" of the flow of information to its inhabitants (p. 168). Not only are governments unable to regulate access to online advertising, but our results indicate that the absence of offline advertising actually increases the effectiveness of online advertising.
Data on Display Advertising
We use data from a large database of surveys collected by a media metrics agency to measure the effectiveness of 275 different online alcohol ad campaigns. The data span campaigns that were run from [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The mean campaign lasted 73 days. The shortest campaign lasted 14 days, and the longest lasted 200 days. There were 57 separate products advertised in total and each had an ad that ran on either 3 or 4 websites. In this paper, we use 'campaign'
to describe an advertising campaign for a single product run on a single website category.
There were a variety of different creative formats used for these banner ads. 58 percent of ads were "skyscrapers" (tall ads that extend down the webpage), 19 percent were shaped as medium and large rectangles, and 8 percent were "super banners" that crossed the width of the page. 24 percent of ads were displayed on portals, 14 percent on sports websites, and 8 percent on entertainment websites. In our main specifications, we include fixed effects for each campaign to control for such potential heterogeneity in the deployment of creative format.
These 275 campaigns were reasonably evenly distributed across years, though there were slightly more in 2004 and 2007. 34 percent of the campaigns were for beer, 8 percent for wine, and the rest for spirits and other liquor. Individuals browsing the website where the campaign is running are either exposed to the ads or not, based on the randomized numerical algorithm placed on the ad server. Those who were not randomly selected to see the ad saw a dummy ad for a neutral organization. Both exposed and not exposed (control) respondents were recruited via an online survey invitation that is typically issued by a pop-up window.
In each case they are not aware they are being monitored, as the survey invitation is neutral and does not make explicit that it will be asking questions about banner ad effectiveness.
Because ads were randomized, both exposed and control groups have the same likelihood of seeing offline ads, if they are permitted by law, as well as other online ads. Furthermore, because respondents are browsing the same website over the course of only a few weeks, they are similar in terms of unobserved dimensions. Thus, the randomization implies that they have the same underlying purchase probability. The only variable of difference between the two groups is the randomized presence of the ad campaign being measured, so differences in consumer attitudes toward the advertiser's brand can be attributed to the online campaign.
The online questionnaire appears as the website visitors try to navigate away from the webpage where the focal or dummy ad is served. This means that the questions measure the immediate effect of seeing the ad. The online questionnaire asked the extent to which a respondent was likely to purchase a variety of products (including the one studied) on a five-point scale. In the main specification in this paper, our dependent variable is whether the respondent said they were 'likely' or 'very likely' to purchase the product. In discretizing our scale into a single dependent measure, we follow the arguments in familiar marketing research textbooks. Malhotra (2007) and Aaker et al. (2004) suggest that discretizing an ordinal scale reduces the issues surrounding treating an interval scale as continuous. However, we recognize that whether such scales should be treated as discrete or continuous is a gray area in marketing practice (Fink, 2009; Kline, 2005) . Therefore, in the appendix (Table A-2) and elsewhere, we replicate all our results with the full scale as our dependent measure in a linear regression. Consistent with Bentler and Chou (1987) and Johnson and Creech (1983) , we find no qualitative difference between the specifications.
The survey asked three additional questions which we use in our analysis. First, we use respondent ratings on whether they had a favorable opinion of the product as a robustness check on our purchase intent results. Second, we use whether the respondent recalled seeing the ad in question (presented alongside some decoy ads) to inform our understanding of the effect. Third, we use respondent statements about general awareness about the product to distinguish between products where there is likely already media saturation and ones where there is not. Table 2 shows summary statistics for these survey data.
The survey also asked respondents about their gender, income, age, and the number of hours they spent on the internet. the responses to zero-mean-standardized measures and used these variables as controls in our regressions. This allowed us to "zero out" missing data. The results are robust to both non-parametric specifications that control for the missing data through fixed effects and the omission of these controls entirely. We look at the answers of respondents who were identified as being in the target market for the product. The zipcodes given by the survey respondents allowed us to match them to a location (county or state).
If a respondent was in the exposed condition and returned to that particular webpage, or refreshed that webpage before exiting the website, the respondent is counted as having seen the ad again. The median exposure was to have seen the ad one time (56 percent of respondents who were in the exposed condition). We check the robustness of our results to excluding people who saw the ads multiple times in Table A -1, and show that their exclusion actually increases the relative magnitude of our point estimates for the incremental effects of out-of-home advertising bans on the effectiveness of banner ads.
Survey-based measures offer the advantages of having a large number of respondents and can be collected consistently at different locations and times (Clark et al., 2009 (2009)), because many users may claim that they intend to purchase but never do so. Still, as long as people reporting higher purchase intent are actually more likely to purchase (and the group that is exposed to ads is truly random), the direction of results holds. In other words, the direction of our core results depends only on whether our survey measures are positively correlated with actual purchase outcomes. This positive correlation between stated purchase intent and purchase outcomes has been well established in many product categories by Bemmaor (1995) and others. In particular, Morwitz et al. (2007) found this correlation to be particularly strong for product-specific surveys such as the ones conducted to generate our data. We explore how these survey measures were affected by offline advertising restrictions in two ways. In this section we use a straightforward specification that reflects both the variation in state laws governing outdoors advertising of alcohol and the randomized nature of exposure to advertising in our data. In section 4, we examine changes in local laws.
Discussion of state-level regulations
The Twenty-First Amendment (1933) granted states broad legal powers over the distribution and sale of alcohol as well as some power to regulate advertising for alcoholic beverages. The state-level ad restrictions largely affected billboards and signage. In our specifications, we treat all out-of-home advertising bans as a binary variable, whether they relate to storefront signage, billboards, transit advertising, or a blanket ban on advertising. Three of the bans forbid all billboard advertising (Maine, Alaska, and Hawaii) while Vermont restricts all billboard advertising with extra provisions for alcohol advertising. In the appendix Table   A -1, we show that our results are robust to excluding these states. In order to prevent challenges on grounds of free speech, 5 the legal language in the alcohol bans typically emphasizes that the measures are designed to prevent under-age drinkers from being exposed to advertising.
Despite various restrictions on advertising, both externally and internally imposed, alcohol manufacturers and distributors still spend a relatively large amount on advertising in 5 So far, the bans in our data have not been struck down by the courts. In contrast, the Lorillard (2001) case in Massachusetts struck down a billboard advertising ban for cigarettes that was felt to have overreached the aim of protecting school children from cigarette advertising.
general and out-of-home advertising in particular. They spend an average of 15.2 percent of revenue on ads for liquor, 11.5 percent for wine, and 8.6 percent for beer. This compares with a mean of 7.1 percent for non-alcoholic beverages (Tremblay and Tremblay, 2005) . According to Frank (2008) , spirit manufacturers spent an average of $348.6m annually in 2004 on outof-home advertising. Tremblay and Tremblay (2005) find that Anheuser Busch spent 20% of its advertising expenditure on out-of-home advertising. While not the dominant advertising channel, out-of-home appears to be an important channel in this industry. Out-of-home may be a particularly important advertising channel for alcohol because, as discussed by Frank (2008) , major television networks do not typically carry ads for spirits (we use a short-term exception to this policy in NYC when we examine changes in local regulations in section 4.)
Similarly, the display ads we study are particularly important for online alcohol advertising because Google and other search engines do not accept ads for spirits. Table 1 summarizes the key empirical insight of the paper. In states that have outof-home advertising bans, the likelihood that someone says they are likely to purchase a product is 8 percent lower relatively for the group that is not exposed to the online ad.
There are many things that could drive this lower purchase intent in ad ban states besides the actual advertising ban (such as anti-alcohol attitudes), which is why we focus on the effect of randomized exposure on these different groups, why we conduct considerable additional analysis, and why we also show an alternative set of results for changes in local regulations.
The raw statistics suggest that in ad ban states, underlying purchase intent is relatively 3 percent lower after randomized exposure to internet advertising. In other words, exposure to internet advertising has a larger effect on people who live in ad ban states. Figure 2 displays how the mean differences in purchase intent between participants who were exposed and not exposed to the ads varies across the states with and the states without bans on out-ofhome advertising. Each square captures the effect for a different state. There are large 95% confidence intervals (the lines) for the size of the aggregate effect for any one state. While Table 7 , where we control for different observable sources of heterogeneity at the state level in alcohol attitudes and regulations.
Specification and main results
For person i who was exposed to advertising campaign j in state s, their purchase intent
Therefore, α captures the main effect of being exposed to an ad on purchase intent; β captures the core coefficient of interest for the paper -whether exposure is more or less influential in places with an advertising ban; X ij is a vector of controls for gender, age, income, and time online; γ s is a series of state fixed effects that control for heterogeneity in baseline purchase intent at the state level and includes the main effect of the offline advertising ban (AdBan s i ), which is why this lower-order interaction is not included in our specification; and δ j controls for heterogeneity in baseline purchase intent for the different campaigns. In these regressions, we assume that the ij has a type-2 extreme value distribution, implying a logit specification. Standard errors are clustered at the state level in accordance with the simulation results presented by Bertrand et al. (2004) , that suggest that state-level clustering in respondent-level panel data, where policy variation occurs at the state level, is an appropriate technique to address potential downwards bias for standard errors. This represents a conservative empirical approach, as in our setting we have randomization at the respondent level as well. Table 3 reports the results. Columns (1) through (5) use a logit specification. Column
(1) simply measures the effect of exposure to the respondent's stated purchase intent. Column (2) presents the basic differences-in-differences specification, while Column (3) presents results for the core specification that includes the product-level fixed effects (δ j ). Column (4) presents results where we use non-parametric controls for customer characteristics. The results are reasonably similar across specifications, though adding product-level controls makes our estimates more precise.
The main result from Table 3 is that the effect of exposure to an online ad in states that ban out-of-home advertising is larger than in states that do not ban out-of-home advertising.
A comparison of the predicted probabilities implied by our logit model suggests that, if there
were an out-of-home advertising ban in effect, then exposure to an ad would increase purchase intent by 6 percent compared to an increase of 2 percent in states where there was no ban.
One explanation for this result is that offline ad bans mean that firms are advertising to consumers who are at a less steep part of their goodwill response function for advertising. The theory proposed in Nerlove and Arrow (1962) suggests that all forms of advertising contribute to a goodwill stock for the product, and that the marginal effectiveness of advertising goodwill has diminishing returns. This is been empirically documented in recent advertising literature Hitsch, 2006) . Theoretically, an advertising ban could limit the amount of goodwill accumulated by residents of states with ad bans, meaning that the marginal effect of an exposure would be higher in states with bans than in states with no bans.
There are of course many identification assumptions that have to hold to draw such a conclusion. Therefore we devote sections 3.3 and 3.4 to exploring the identification assumptions that are inherent in this result, allow the effect of exposure to vary with pertinent state characteristics, and show that the difference in advertising responsiveness across states is specific to alcohol advertising and does not apply to closely related categories.
In columns (1) to (3), the standardized measures of our demographic variables give us a weakly positive effect from income and internet hours, and a negative effect from age.
Column (4) reports the results of a non-parametric specification where we included fixed effects for every age, income, and internet usage group. This has the advantage of letting us control in a non-parametric manner for missing observations. The main effect that we estimated for the interaction between outdoor advertising and exposure was very similar to our previous estimates. Column (5) provides an alternative specification where we include no demographic controls. The main results are statistically similar to (4), though the exclusion of the demographic controls is reflected in a more negative log-likelihood suggesting that the controls do help with efficiency. This is to be expected given the randomized nature of our data.
Another econometric concern is the interpretation of the interaction terms in Table 3 .
Research by Ai and Norton (2003) suggests that the interaction in a non-linear model may not capture the true cross-derivative. Recent work by Puhani (2008) , however, does suggest that the treatment effect in differences-in-differences specifications have the same sign as the logit interaction. In order to ensure that our results are not a function of the nonlinearity of the estimation function, we performed the Ai-Norton specification check for each of our specifications. The results were similar in size and relative magnitude and significant at the 95 percent level. We also focus on the implied changes in marginal probabilities which take into account the potential for non-linearities in the logit model when discussing the economic significance of our results. In the appendix (Table A -1, Column (1)), we show that a linear probability model gives qualitatively similar results, which provides reassurance that the non-linear functional form does not drive our results.
Column (6) of Table 3 replicates our results for a linear model where the dependent variable is the full 5-point scale that we assume to be continuous. The similar results suggest that our discretization of the scale is not driving our results, though as discussed above treating an ordinal scale as continuous is not without problems. Column (7) presents results from an ordered logit that also uses this scale as its dependent variable with similar results. Column (8) presents results for whether the respondent said they had a favorable opinion of the product as the dependent variable.
Column (9) presents results for ad recall as the dependent variable. The main effect of exposure on ad recall is, unsurprisingly, larger. Interestingly, the advertising bans are unrelated to ad recall. Recalling the ad on the website is not related to whether offline alcohol ads are allowed. It suggests that the difference we observe in purchase intent is not a result of ads being more unusual and therefore more noticeable to inhabitants of states where there are advertising bans. Instead, there is a difference in how effective the message of such ads is between the populations of regulated and non-regulated states.
Controlling for systematic differences between states with ad bans and without ad bans
The random assignment of advertising exposure means that we have a clean measure of advertising effectiveness, so the core remaining identification assumption that underlies Table   3 is that online alcohol advertising is not systematically more effective in states that have an advertising ban compared to states without such a ban for reasons other than the ban.
We received the data after people who had not completed the survey were removed.
One potential concern is that there may be different survey attrition or recruitment rates for survey-takers exposed to the ad in states that had bans compared to states that did not have bans, that could influence our results. For example, it would be problematic for our interpretation if states that had ad bans also had inhabitants who were more likely to be motivated to complete surveys enthusiastically if they had seen an alcohol ad. A twosided t-test comparing the relative proportion of respondents who were exposed to the ad in states that had ad bans and states that did not have ad bans, strongly rejected that the proportions were different (p-value=.77). We also checked for systematic differences in recruitment ability in states that had ad bans by comparing the proportion of survey-takers relative to the population of each state in states that had ad bans. A two-sided t-test (p-value=.0.97) provided strong evidence that there was no difference in the proportion of the state population recruited. This suggests that there was no difference in the ability of the marketing research firm to generate the appropriate sample size from states that had ad bans and states that did not.
One possible alternative explanation could be that the ads viewed in states with ad bans were designed to be more effective by alcohol beverages companies. Such geographical targeting could take place either if there were regional differences in the viewership of sites in the experiment or if the website matched ads to viewers by the geographical location of their IP address. However, we found no difference in the proportion of viewers exposed to different campaigns in states with ad bans and states without. Furthermore, as shown in Table 4 , there is little difference in the creative formats used across states. As one would expect given the sample size, there are some statistically significant differences across the 20 categories. However, for the 6 categories where there was a statistically significant difference, the differences tend not to be economically significant. Furthermore, the differences tend to cut in the wrong direction if they were going to provide an alternative explanation of our result. For example, the largest difference across states with bans and without bans is that people in states with ad bans tend to have seen more medium rectangle ads. However, medium rectangles are one of the smaller and less visible ad formats.
Another explanation is that the viewers in states with ad bans and states without ad bans have different demographic profiles. For example, if states with ad bans had a younger population who might be more likely to be influenced by alcohol advertising, then this could explain why online alcohol advertising was more effective in such states. However, as Table   5 shows, there is no statistically significant difference in states with ad bans and without bans in terms of average age, gender, income, or internet usage for survey-takers that were exposed to ads and survey-takers that were not. 6 If we use buckets for these demographic variables rather than a continuous measure, the difference remains statistically insignificant.
For example, the average number of people under the age of 35 (who buy the majority of alcohol) is the same across states with ad bans and without.
Another set of concerns lies with the potential for the effects of online advertising exposure to vary in systematic ways connected with the state's characteristics, which are in turn correlated with the ability of alcohol advertising to persuade. Because respondents are randomly assigned to whether or not they are exposed to the ad but are not randomly assigned to whether or not they live in a state with offline advertising bans, there may be other reasons for the systematic difference we observe in the effect of exposure in states that have bans and states which do not. This problem is apparent in our data: respondents who are not exposed to alcohol advertising were 8 percent less likely to express positive purchase intent in states that had billboard bans, suggesting there is indeed an underlying systematic difference. In this section, we address this problem by controlling for the effect of multiple state characteristics on exposure. In section 4, we tackle this identification issue directly by examining locations which experienced changes in advertising bans. 
Exposed Logit estimates. Robust standard errors clustered at the survey level. * p < 0.10, ** p < 0.05,*** p < 0.01.
Falsification Checks
As demonstrated in the previous section, observable differences in the ad campaigns, characteristics of respondents, and characteristics of the states with ad bans do not provide an alternative explanation of our results. To explore whether there are unobserved differences in general advertising responsiveness, we look at other types of closely related advertising that are not subject to the ban to see whether we observe similar results that may be suggestive of unobserved heterogeneity. Specifically, we rerun our main specification on similar data for 'placebo' categories. The first placebo category is high-sugar/high-salt snacks and candies.
Like alcoholic beverages, these have been targeted by the US Surgeon General's office as an area of excess consumption with potential negative side-effects. Column (1) in Table 8 reports the results for these snacks. As expected, we see an effect from exposure to an ad; however alcohol ad bans do not change this relationship -the interaction term is negative and insignificant. Column (2) repeats this falsification exercise for non-alcoholic beverages, and again we find no significant effect from out-of-home advertising bans on the effect of exposure. Column (3) repeats the falsification exercise for all food items, again finding no increase in the effect in states with bans. This supports our interpretation that the effect we are measuring is specific to the alcohol category, and therefore more likely to be related to the presence or absence of an advertising ban.
Changes in local advertising regulations
The second way we show the impact of offline advertising bans on online advertising effectiveness is by examining four different changes in local alcohol advertising regulations.
These help overcome worries that, despite the above checks for underlying state-level heterogeneity and the falsification test, there is still the possibility that there may be unobserved heterogeneity in advertising responsiveness that is specific to the alcohol sector. We focus on several instances where, during the period of our data, alcohol advertising bans were . Robust standard errors clustered at the state level. * p < 0.10, ** p < 0.05,*** p < 0.01.
'Ad Ban' is collinear with state fixed effects and omitted.
enacted or rescinded. The idea here is that such changes in laws allow us to identify precisely the causal effect of the law on responses to online advertising because we can compare (for people living in the same place) the reactions to online ads before and after there is a law prohibiting forms of alcohol advertising. There are four such cases for which we have observations in our data: (1) The enactment of a law in Philadelphia prohibiting alcohol advertising from public property; (2) The repeal of a law in Pennsylvania restricting the ability of student newspapers to publish alcohol advertising; (3) A toughening of regulations by the San Francisco public transit authority meaning that alcohol advertising would be fined at $5,000 a day; and (4) A loosening of a self-imposed policy, which meant that one broadcast TV affiliate in New York started showing liquor ads.
Even when using a change in a law to identify the effect of ad bans, a lingering concern is that the change in law may be connected with an unobserved change in behavior over time that is also systematically connected with how people respond to advertising. To control for this possibility, in each instance of a change in the law we include data on a control group of people who should display a similar time trend because they live in a similar place reasonably nearby. This allows us to use a triple difference specification to difference out changes in advertising responsiveness due to location and changes due to changing time trends. In equation form, this means that our specification in equation (1) becomes for person i who was exposed to advertising campaign j in location l at time t:
Reflecting the switch from the state level to a more local analysis, γ l is now a series of county fixed effects that control for heterogeneity in baseline purchase intent at the county level. Again, these substitute for the main effect of AffectedGroup l i . As we are no longer looking at state-level variation in policy but instead at within-state variation, we cluster standard errors at the campaign level rather than the state level. Table 9 displays our case-study results. In all cases the sample size is relatively low and as a result our results are sometimes only marginally significant. However, taken together they suggest that offline advertising bans positively influence the effectiveness of online ads.
Column (1) looks at a change in law that occurred in 2003 when the Philadelphia city government decide to ban alcohol ads from all city property. This change in policy is discussed in detail by Haas and Sherman (2003) , and appears to have been motivated by policy advocates highlighting the issue of alcohol ads on bus shelters that were commonly used by students going to school. As our control group, we use people who live in the same combined metropolitan statistical area but over the border either in Camden, New Jersey or in 'Wilmington-Newark' in Delaware and Maryland. The results in column (1) suggest that people who live in Philadelphia became incrementally more responsive to online alcohol advertising after the ban, compared both to their previous responsiveness and to people in neighboring states in that time period.
Column (2) looks at a change in law in the opposite direction, also in Pennsylvania.
In Pitt News v. Attorney General of Pennsylvania (No. 03-1725), July 29, 2004, the federal court struck down a Pennsylvania law banning advertising of alcoholic beverages in college newspapers. Though this law, which pertains to print media rather than out-of-home advertising, is different from the ones we have studied so far, it should have similar effects if the behavior we observe is due to awareness of the product. To study this law, we looked at the behavior of consumers in college towns such as Waynesburg, PA which is home to Waynesburg University and the 'Yellow Jacket' student newspaper. We defined a 'college town' as one where more than 20 percent of the population are students. We compared responsiveness to online alcohol advertising in these college towns with similarly sized towns in surrounding areas where there was no such newspaper. This focus on college towns and their counterparts meant that our analysis excluded the Philadelphia metropolitan area we studied in column (1). This is attractive from an identification point of view, as it means that we are studying two different types of populations within the same state who during a similar time-frame experience a change in exposure to offline alcohol advertising but in different directions. If it were indeed state-level heterogeneity that explained our results, we would not expect to find different directions of effects in these two cases. Consistent with our prior findings, column (2) indicates that in the period prior to the ad ban being struck down, these college-town populations were indeed more responsive to online alcohol advertising that they were afterwards, relative to the population in non-college towns.
Column (3) examines a change in policy regarding alcohol advertising by the San Fran-cisco transit authority. As described by Simon (2008) , the Marin Institute, a public pressure group, presented evidence that despite a contract prohibiting alcohol advertising, in at least 15 cases CBS Outdoor had erected alcohol ads on transit authority property that violated their contract. In response to public outcry, at the end of 2007 the San Francisco transit authority issued a new contract that promised to fine advertising companies $5,000 per day if an advertising company violated their contract and displayed alcohol ads. We study how this toughening of regulatory enforcement affected online ad responsiveness. Therefore our estimates in this case should be thought of as comparing the effect of the official ban of the kind that already existed in California that we have studied so far, with increased and improved enforcement of that ban. As a control group, we use respondents in Los Angeles and San Jose, which while geographically distant, are other large metropolitan communities in the state; again, if it is a systematic change in state-specific behavior that is driving our results, we would expect to see similar time trends in how effective online exposure to advertising is across each city. However, the results of column (3) suggest that again there was an incrementally positive effect of the ad ban for San Francisco survey-takers relative to their previous behavior and relative to survey-takers in Los Angeles and San Jose in the same period.
Column (4) focuses on TV advertising, extending our previous focus on outdoor and print advertising. As described by Elliot (2007) , at the end of November 2007 WNBC-TV, NBC's flagship New York network affiliate, decided to start showing hard liquor ads on its broadcasts. Liquor ads had been shown on cable before, but it was the first network airing of spirit ads in 6 years. What is attractive about this change in policy is that it represents a change in advertising practices within the alcoholic beverage category. Beer is regularly advertised on broadcast television, but spirits have been subject to self-regulation. This means that we can evaluate whether people living in the same place responded differently to online spirits ads compared to how they did previously, while controlling for general Logit estimates. Robust standard errors clustered at the survey level. * p < 0.10, ** p < 0.05,*** p < 0.01. changes in the effectiveness of online campaigns for alcohol using beer. The results again suggest that before the ban was rescinded, there was a relative incremental advantage in terms of effectiveness for spirits relative to beer. However, after the ban was rescinded this incremental advantage decreased. The fact that we obtain similar results for changes in regulation governing print media and also television media is informative, since it suggests that our results concerning the effect of restrictions on out-of-home advertising campaignscan be applied cautiously to other media.
Column (5) presents results of a specification that combines data from columns (1) -(4). The results are similar, though our estimate of the coefficient of interest Exposure × AdBan × Af f ectedGroup is more precise.
The aim of these case studies is to provide evidence for the robustness of our results in Table 9 , so we checked how the economic size of the effects they suggested compared to our earlier estimates. This is again a logit framework with interaction terms, so in order to get reliable estimates of marginal effects, we calculated the population average predicted probabilities and compared them for our different treatment and control groups. The estimates in Table 3 suggest that in states with ad bans the effect of advertising exposure is around 1.2 percentage points higher. In two of our case studies our results are similar. Our estimates for Philadelphia residents suggest that after the ad ban, there was a 2.2 percentage point increase in the effect of exposure to advertising on purchase intent. Our estimates for New York residents suggest that before the spirits ad ban was repealed, there was a 1.8 percentage point greater effect of exposure to online spirits advertising on purchase intent relative to other alcohol. However, in two case studies the estimates of the incremental advantage of online advertising when offline ad bans are in place were far higher. For respondents in San Francisco, there was an incremental lift of 14 percentage points. For respondents in college towns, it was 24 points higher. It could be that these are unusual populations who are easily motivated by stimuli to drink alcohol. However, since these estimates of the marginal effects have large confidence intervals and are statistically indistinguishable from 2.2 percentage points, it is more likely that these high point estimates reflect the relative imprecision of our estimates due to the smaller sample size used in these case studies. In column (5) where we combine data from all 5 case studies, we find evidence of approximately a 4.1 percentage point increase in the likelihood of a respondent stating 'likely' or 'very likely' purchase intent.
In Table 10 , we show the robustness of the combined results from column (5) to a similar sequence of robustness checks to those presented in Table 3 . Column (1) shows that our results are robust to the exclusion of the controls. Column (2) shows our results are robust to a linear OLS regression for the full intent scale. Column (3) shows our results are robust to an ordered logit specification for the scale. Column (4) shows the results when we use Favorable Opinion as the dependent variable. Interestingly, compared to Table 3 the point estimate for the coefficient of interest is more precisely estimated here, suggesting that offline ad bans can affect attitudes towards the product as well as purchase intent. Column (5) again shows little effect of the offline advertising ban for ad recall. Columns (6)- (8) repeat the falsification checks presented in Table 8 for the combined data from our four case studies.
In all cases we do not find any significant effect of offline alcohol ad bans on the purchase intent for categories that are not alcohol. Columns (1)- (4) repeat robustness checks from Table 3 for column (5) of Table 9 . Columns (5)- (7) perform 'falsification' checks for alternative categories for Column (5) of Table 9 .
Awareness
In this section, we explore one potential mechanism for the result that online advertising is more effective in places where out-of-home advertising is banned. Specifically, we examine the possibility that media bans reduce the likelihood that consumers will be saturated with media images and that therefore online advertising will be more effective in these places.
As Ackerberg (2001) points out, the effectiveness of advertising may differ depending on whether consumers are aware of the products. To understand the role of awareness, we divided the products advertised in our sample in two ways: based on stated awareness of people in our sample who had not seen the ads, 7 and based on whether the product is a new product. Table 11 presents the results for the state-level variation in regulation. The effect is far stronger for new products and for products that had below-average awareness levels.
For products that had above-average awareness levels, we no longer find a significant effect of ad bans or even for advertising exposure. Table 12 presents the results for combined data for municipalities where there was a change in regulation during our data. The results again suggest that the effect of the ad ban is stronger for low-awareness products. Interestingly, we do not see such a strong effect for new products or at least the estimates are statistically identical for the effect of the ban. This may be because these were markets where new products gained high awareness levels swiftly.
As a robustness check we repeated the estimation in table 11 for the placebo categories of Junk Food, CPG products and other beverages that we observed examined in Table 8 in the appendix in Table A -3. The results for the key coefficients were either insignificant or of the wrong sign.
One explanation for these results is that media saturation levels through 'at home' media 7 As might be expected, mean awareness levels are lower in states with advertising bans. 70 percent of respondents said they knew about the product in states that had no advertising ban, and 67 percent of respondents said they knew about the product in states that had bans (The difference is statistically significant at the p<0.001 level.). We split the sample at average awareness levels for the products. such as television and radio are already high enough for older, high-awareness products so that a ban on offline media makes little difference. Online advertising can only overcome the effects of offline media bans when the media bans have an effect in the first place. This result is consistent with our main result being driven by diminishing marginal effectiveness of advertising goodwill because products with high awareness already have steep diminishing returns to incremental advertising.
Implications
This paper uses field experiment data on alcohol advertising to show that online display advertising has the largest impact in locations with restrictions on out-of-home advertising.
We interpret this to suggest that the online advertising substitutes for the banned offline ads, thereby reducing the effectiveness of local advertising bans. Many authors have argued that the internet reduces the effectiveness of local regulations, but outside of tax policy there has been little systematic empirical examination of this phenomenon. Our results contribute to this literature, showing how the internet allows firms and consumers to circumvent offline restrictions. While the alcohol advertising bans may still achieve their intended purpose of Logit estimates. Robust standard errors clustered at the survey level. * p < 0.10, ** p < 0.05,*** p < 0.01.
reducing the exposure of school children to offline alcohol ads, our results suggest these bans will be relatively ineffective for regular internet users.
Our results also have important implications for managers trying to evaluate the merits of combining online and offline campaigns. They can be viewed as an unusual natural experiment which allows empirical analysis to tease apart the relationship between the presence of offline advertising and the effectiveness of online advertising. Usually such analysis is problematic because the launch of both types of campaigns is contemporaneous, making it hard to tease apart the separate effects of either or how they interact. As discussed by Silk et al. (2001) , it has been suggested that online advertising could potentially complement and enhance the effectiveness of offline campaigns. However, our results suggest that instead offline and online advertising appear to be substitutes. Though the majority of our results focus on the effect of outdoors advertising on banner advertising, the fact that our findings appear to extend to both TV and print media in select markets suggests this result is likely robust across media types.
There are of course limitations to our study that suggest potential avenues for future research. First, we rely on stated expressions of purchase intent and not actual purchase data. While these measures allow us to determine that online advertising is more effective in places with out-of-home advertising bans, the use of these measures means that we are unable to define the precise impact of the internet on increasing alcohol sales in places with bans relative to places without. Second, our study focuses on alcohol advertising bans, and it is possible that bans on different products may have different effects. Third, our results are specific to the study of state-specific bans on offline media in the United States. We do not study attempts by national governments or international regulatory bodies to enforce bans on advertising on the internet. It is therefore not clear the extent to which our results apply more broadly to national bans on all alcohol advertising, such as the ban imposed in Sweden, or how our results would apply to laws such as the EU 'Tobacco Advertising Ban' that attempt to restrict internet advertising directly.
A puzzle that we leave for future research is why what appears to be out-of-equilibrium behavior persists. If internet advertising has greater returns in states with ad bans, it is an open question whether alcohol advertising campaign managers are aware of this and, if they are aware, why they do not act upon it by attempting to advertise on geographically targeted websites. One potential explanation is that because alcohol advertising is monitored and tracked by interest groups and governments, alcohol advertising firms have not wanted to court censure by appearing to use the internet to circumvent local jurisdictions. It would be interesting to explore whether this is in fact the case.
Appendix

A Further Robustness Checks
Column (1) of Table A -1 presents results of a linear probability model. The results are very similar to the logit specification presented in Table 3 . This provides more evidence that, despite the concerns expressed by Ai and Norton (2003) about the interpretation of interaction coefficients in non-linear models, our results remain robust.
We then check that our results are robust to dropping states where the laws apply predominantly to dry counties. Because the decision to live in a dry county is endogenous, and related to attitudes to the consumption of alcohol, we also reran our regressions excluding these dry counties. Column (2) of Table A-1 presents the results, which are similar to before.
In our main specifications, we include laws that ban all billboards, not just alcohol advertising. This is the case for Vermont, Maine, Hawaii and Alaska. We show that our results are robust to excluding these states (Column (3) of Table A-1) . Their exclusion does not appear to affect our results.
There is also the potential concern that wine may have a slightly different target market from liquor and beer. Column (4) of Table A -1 shows that our results are robust to the exclusion of wine.
Column (5) of Table A-1 shows the robustness of our results to the exclusion of people who saw the ads multiple times either because they refreshed the webpage or because they returned to the webpage later after navigating away from it within the site. If anything, our results are stronger (though slightly less precise) when we exclude these multiply treated individuals. This suggests that out-of-home ad bans have the largest impact on the effectiveness of ads that are only seen once, rather than multiple times. In other words, they make the 'first impression' from an online ad more effective. Table A -2 shows that are main results are similar to Tables 8 and 11 when we use purchase intent scale as our dependent measure in a linear regression. As a robustness check we repeated the estimation in Table 11 for the placebo categories of Junk Food, CPG products and other beverages that we observed examined in Table 8 in Table A -3. The results for the key coefficients were either insignificant or of the wrong sign.
Table A-2: Replicating results using the full purchase intent scale Robust standard errors clustered at the state level. * p < 0.10, ** p < 0.05,*** p < 0.01. 'Ad Ban' is collinear with state fixed effects and omitted. 
(8) Robust standard errors clustered at the state level. * p < 0.10, ** p < 0.05,*** p < 0.01. 'Ad Ban' is collinear with state fixed effects and omitted.
